Abstract: The aim of this work was to determine if the development of low-cost or no-cost finite 17 element analysis (FEA) software has advanced to the point where it can be used in place of trusted 18 commercial FEA packages for linear static structural analyses using isotropic material models.
Introduction

32
The rapid increase of computational power over the past few decades has been a catalyst for change 33 in various industries. Software developers are able to take advantage of increasing computational 34 power and can create numerical modelling packages capable of dealing with a progressively larger
35
range of physical problems [1] . Consequently, increasing confidence is being placed in the results of 36 computational simulations [2] .
37
The increasing acceptance of computational analysis results has created a problem. Software 
51
FEA software package for linear and nonlinear static structural analyses using isotropic material 52 models. Due to the volume of content, the research has been split into two papers. This paper only 53 presents the findings for linear static analysis modelling; a future paper will present the findings 54 related to nonlinear static structural analysis problems.
55
2
The Impact of FEA on Industry
56
The advancement in capabilities of simulation software over the past two decades has significantly 57 changed the way in which product conceptualization and design is viewed. Looking specifically at 58 the advancement in FEA software, it has allowed for significant innovation and the development of
59
accurate design methods at drastically reduced cost [3] .
60
With the increase in the capability and fidelity of commercial software, FEA has influenced a new 61 market trend in industry. The term "simulation-driven product development" is commonly used to 62 describe the integration of simulation software into the early design process and basing decisions on 63 simulation results [4] .
64
Evidence to validate the above statement can be found in a relevant report titled "The 2013 State of
65
Simulation Design" [2] . The aim of the report was to answer the following question: "Are today's 66 engineers making decisions based on simulations?" The findings of the report were based on survey
67
responses from 826 respondents from a wide range of industries worldwide. The majority of the 68 respondents were from the automotive, industrial equipment manufacture, aerospace and defence
69
industries [2] . The survey focused mainly on how respondents used simulation to drive decisions 70 during the concept design phase, as well as in the more detailed design phase.
71
There are many adverse effects caused by failed prototypes and concept designs. 
93
Research allowed for the identification of several low-cost/no-cost FEA software packages. Choosing 94 a limited number of no-cost/low-cost packages that pass certain baseline criteria before proceeding
95
to the performance benchmarking phase of the research aided in streamlining the entire process.
96
The basis of the chosen selection criteria was guided by anticipated industry requirements. It was 
102
The inability to perform the required type of analysis immediately excluded a package from further 103 investigation. The price of the package and licencing approach was considered. If the package was
104
'expensive' (chosen to be greater than 500 USD per year as initial cost of purchase) or licenced such
105
that it prohibits the use of the package commercially, it was excluded. If a package passed the 106 aforementioned criteria, the presence of the internal modules were checked.
107
The lack of either a pre-processor or a post-processor did not immediately exclude the package 
127
With this knowledge, a variety of test cases were selected that fell within the scope of this research.
128
Test cases were separated into analytical problems with known solutions and benchmark standards.
129
A final test case was based on experimental data from physical laboratory testing. This will be 130 discussed in a future paper discussing the nonlinear analysis testing. 
167
Using the selection procedure discussed in Section 3, three no-cost/low-cost packages were selected 168 to be investigated further. A no/low-cost web-based simulation platform was added to the selection.
169
• 
224
To successfully model this test case, the suggested approach was to import the geometry to the 225 pre-processor or create it within the pre-processor, and assign the two required truss element types
226
as applicable. The prescribed boundary conditions must be applied to the relevant nodes. Finally,
227
the post-processing module of the package must be able to represent the target solutions on an 228 appropriate plot.
229
Simulation Results 
230
235
Note that SimScale is unable to perform analyses on 1-D geometry at this stage of its development.
236
The remaining packages were able to generate the model in the suggested approach and yield 
Boundary Conditions
Zero displacement for edge situated at the origin Edge load = 6 lbf on remaining upright edge 258 259 
292
Material Properties E = 2100 MPa ν = 0.3
Geometric Properties Axisymmetric 2-D Shell with given dimensions
Boundary Conditions
Edge 1 -Zero X-Displacement 
Geometric Properties
Quarter spherical geometry with specified dimensions
Boundary Conditions
Symmetry conditions apply at orthogonal flat faces Uniform internal pressure = 100 MPa 336 
340
To successfully analyse this test case, the suggested approach is to import the 3-D quarter sphere 341 geometry into the pre-processing module of the package. The pre-processor must be used to assign 342 appropriate mesh elements for the model. The symmetry conditions must be properly represented 343 using appropriate constraints. The pressure loading must be applied on the appropriate curved face.
344
Noting that the target solution requires two directional stresses as well as a displacement, the solver
345
should be able to solve for these results. Lastly, the post-processing module for the package must be 346 used to represent the target solution on an appropriate plot.
347
Simulation results
348
This test case was run several times refining the mesh, while keeping other variables constant. The 349 results presented in Table Error 
353
388
The post-processor of the FEA package must be used to output the target solution on an appropriate 389 plot.
390
391
This test case was run several times refining the mesh, while keeping other variables constant. The 392 results presented in 
